In this paper we present some results on the nonstatistical fluctuation in the 1-dimensional (1-d) density distribution of singly charged produced particles in the framework of the intermittency phenomenon. A set of nuclear emulsion data on 16 O-Ag/Br interactions at an incident momentum of 200A GeV/c, was analyzed in terms of different statistical methods that are related to the self-similar fractal properties of the particle density function. A comparison of the present experiment with a similar experiment induced by the 32 S nuclei and also with a set of results simulated by the Lund Monte Carlo code FRITIOF is presented. A similar comparison between this experiment and a pseudo-random number generated simulated data set is also made. The analysis reveals the presence of a weak intermittency in the 1-d phase space distribution of the produced particles. The results also indicate the occurrence of a nonthermal phase transition during emission of final-state hadrons. Our results on factorial correlators suggests that short-range correlations are present in the angular distribution of charged hadrons, whereas those on oscillatory moments show that such correlations are not restricted only to a few particles. In almost all cases, the simulated results fail to replicate their experimental counterparts. GeV/c, à partir des différentes méthodes statistiques reliées aux propriétés fractales auto-similaires de la fonction de densité de particule. Nous comparons le présent travail avec d'autres expériences similaires induites par le noyau 32 S, et aussi avec un ensemble de résultats simulés à l'aide du programme Monte Carlo de Lund, FRITIOF. Dans certaines cas, de semblables comparaisons ont été faites entre l'expérience et des ensembles de données simulées par génération de nombres (pseudo) au hasard. L'analyse révèle la présence d'une faible intermittence dans la distribution dans l'espace de phase à 1-D des particules produites. Les résultats indiquent également la présence d'une transition de phase non thermique pendant l'émission des hadrons de l'état final. Nos données sur les corrélateurs factoriels suggèrent que des corrélations à courte portée jouent un rle dans la distribution angulaire des hadrons chargés, alors que celles sur les moments oscillants montrent que de telles corrélations ne sont pas limitées à quelques particules. Dans presque tous les cas, les simulations n'ont pas réussi à reproduire les résultats expérimentaux.
Introduction
The study of fluctuations has often triggered significant advances in physics. In the last 25 years or so, the investigation of large-particle density fluctuations within limited regions of phase space has become a popular tool to study the mechanism of multiparticle production [1, 2] . Most of the work on this topic is particularly centered around the technique of scaled factorial moments (SFM), which are capable of supressing the Poisson-type noise. The small phase space structure of particle distribution can reveal a great detail about the underlying dynamics of particle production and hence about the late freeze-out stage of the collision process. Bialas and Peschanski [3] first pointed out that singleparticle density functions should be examined locally within narrow intervals of phase space and not over the entire region accessible to an experiment. They employed the SFM technique to the JACEE events induced by ultrarelativistic cosmic ray nuclei [4] and also observed that with decreasing pseudorapidity interval size, the SFM exhibited a power law type of scaling behavior that remains invariant at all scales down to the experimental resolution. Since that time, the phenomenon has been known as ''intermittency''. For fluctuations of a purely statistical nature, the SFM do not depend on the scale of resolution at which they are measured. Hence a power law type of scaling can be considered a definite indicator of the presence of fluctuations of nonstatistical or dynamical origin. It was later observed that the dynamical part of a density distribution, irrespective of its exact analytical form, can be experimentally characterized in terms of a set of scale invariant (multi)fractal parameters. Several speculative suggestions have so far been advocated to interpret the origin of these dynamical fluctuations, but each has met with limited success. In any high-energy interaction the produced particles prefer correlated emission, which often leads to a distribution that is spiky in nature. Apart from the trivial statistical and (or) kinematic reasons, in relativistic nucleusnucleus (AB) collisions, the reason behind such a preference towards correlated emission may be conventional as well as exotic. The reasons may be (i) due to a second-order phase transition from quark-gluon plasma (QGP) to normal hadronic matter; (ii) due to some other collective phenomena like the formation of mini-jets, decay of giant resonances, emission Cerenkov gluons, etc.; (iii) due to a random cascading effect in the space-time evolution of the collision process; and (or) (iv) due to a combination of any two or all of the above [5] . To get a closer look at the issues related to the fluctuation study, methodologies other than the intermittency have subsequently been developed [6] . In this paper we have presented a 1-d intermittency study of singly charged particles (mostly mesons) produced in 16 O-Ag/Br interactions at an incident momentum of 200A GeV/c. Several issues related to the intermittency phenomenon have been examined with the help of such techniques that are in some way or the other connected to the SFM. The paper is organized in the following way. In Sect. 2, the experimental details, including gross features of the experimental data, are described. In Sect. 3, the statistical methods employed to analyze the data are briefly discussed. This section also includes a thorough description of the results obtained from our data analysis. Further, a comparison between the present experiment and simulation and a comparison between experiment and the results previously obtained from a similar analysis on 32 S-Ag/Br interactions [7] are incorporated. In Sect. 4, we conclude with a critical scrutiny of our results and with some speculative remarks regarding the outcome of the present investigation.
Experiment and data
The data used in the present analysis were obtained from the stacks of Ilford G5 nuclear photo-emulsion pellicles of size 18 cm Â 7 cm Â 600 mm, which were irradiated horizontally by a 16 O-beam with an incident momentum p inc = 200A GeV/c at the super-proton synchrotron (SPS) at CERN. Leitz Metalloplan microscopes with a magnification of 300, were used to scan the plates along the projectile tracks to find out primary interactions. The angle measurement and counting of tracks of different categories were performed at a magnification of 1500 with the help of Koristka microscopes. To reduce the loss of tracks as well as the error in angle measurement, events were chosen so that none occurred within 20 mm from either the top or the bottom surface of the pellicle. Each primary beam track was followed back to the edge of the plate to ensure that the events did not include interactions caused by secondary tracks coming out of other interactions. To reduce personal bias in detection, event selection, angle measurement, and counting, the scanning and measurement were both performed by more than one observer. According to the emulsion terminology, the tracks emitted from an interaction (called a star) are classified into four categories. ''Shower'' tracks are due to the singly charged particles moving with a relativistic speed v > 0.7c (where c is the velocity of light). The corresponding ionization I 1.4I 0 , where I 0 (&20 grains/100 mm) is the minimum ionization caused by any track within the plate. Shower tracks are produced by charged mesons, mostly pions, and the tracks are not in general confined within the plate. The total number of such tracks in an event is denoted by n s . ''Gray'' tracks are formed mainly by fast target recoil protons with energy up to 400 MeV and range greater than 3 mm. They have ionization within 1.4I 0 I 10I 0 , and the protons have velocity 0.7c v 0.3c. A few percent can also be due to slowly moving mesons. The gray track multiplicity of an event is denoted by n g . ''Black'' tracks are due to fragments evaporated out from the target nucleus after the collision has taken place. These fragments have speeds less than 0.3c, and the tracks have ionization I > 10I 0 . Their ranges are less than 3 mm and energies less than 30 MeV. The number of black tracks in an event is denoted by n b . ''Projectile fragments'' are the spectator parts of an incoming projectile nucleus that do not directly participate in a collision. They emerge within an extremely forward narrow cone, characterized by a semivertex angle q p = 0.2/p inc , posses a uniform ionization over a long range, and carry almost the same momentum per nucleon (p inc ) as the incident projectile. In an event, the number of such fragments with charge Z 2 is denoted by n pf . The present analysis is confined only to the shower tracks, and for the considered sample of 280 primary semicentral and central events, the average shower track multiplicity <n s > = 119.26 ± 3.59 Only those events for which n pf = 0 have been considered, thus indicating total fragmentation of the projectile 16 O nucleus for the entire event sample. At the incident energy scale under consideration, care should be taken regarding the contribution from gconversion into e + e -pairs that may lead to strong unwarranted correlations, thereby causing inflation in the values of the SFM. Following the methods and arguments given in [8] , we can infer that in this experiment this contribution is kept to a minimum. In an emulsion experiment, the pseudorapidity (h) together with the azimuthal angle (4) of a track constitutes a convenient pair of basic variables in terms of which particle emission data can be analyzed. The pseudorapidity h is an approximation of the dimensionless boost parameter rapidity
of a particle, and it is related to the emission angle q of the corresponding track as
In the above, E is the energy of the particle, whereas p l denotes its longitudinal component of linear momentum. Through the reference primary method, an accuracy of dh = 0.1 unit and d4 = 1 mrad could be achieved. Nuclear emulsion experiments, in spite of their many limitations, are superior to other experiments in one respect in that they offer a very high angular resolution. Where distributions of particles within small phase space regions are to be examined, this certainly is an important advantage. Some excellent texts detailing the emulsion techniqe are available in literature [9] .
The single-particle h and 4 density functions for the shower tracks have been obtained for our experiment. The peak h-density was r 0 & 31.5 with central value h 0 & 3.22. According to the Bjorken hydrodynamical estimate [10] , the relation between the initial energy density e and the central rapidity (y 0 ) density of the produced hadrons is,
where e is averaged over the transverse area A at proper time t, within which the matter present in the collision volume has equilibrated. Here n all = 1.5n s , assuming a production of neutral mesons in equal abundance to the charged varities. Setting the transverse mass of a pion as m t = 0.38 GeV, t = 1 fm/c, choosing A to be the geometrical cross-sectional area of the 16 O nucleus and replacing ½dhn all i=dy y 0 by r 0 , one gets e % 0:82 GeV/fm 3 . One may note that the present 16 O induced experiment has resulted in slightly lower energy density than that of a similar 32 S experiment (e % 0:92 GeV/fm 3 for 32 S) in the central particle producing region [7] . To compare the experimental data with the expectation based on an independent emission model, we have simulated a sample of 16 O-Ag/Br collisions using the Lund Monte Carlo code -FRITIOF [11] . From a large sample of minimum bias 16 O emulsion events, a subsample consisting of only the 16 O-Ag/Br interactions, having same size and same shower track multiplicity distribution as the experimental sample, has been selected for analysis. When needed, a comparison between the experimental results and those obtained from an event sample simulated by generating (pseudo)random numbers has also been made. In the latter case, the relevant phase space variable associated with each shower track in an event has been replaced by appropriate random number(s). These random numbers are generated with the help of a linear congruential recursive relation [12] , following the same distribution as the respective experimental distribution (e.g., Gaussian for h and uniform for 4), and assuming no correlation between the emitted particles. In this case, the simulated event sample also has the same size and identical shower multiplicity distribution as the experimental one.
Methodology and results

Intermittency in 1-d
To study the intermittent behaviour of single-particle density fluctuations, the SFM of order q, averaged over an event sample are defined as
where
where <n s > is the average shower track multiplicity for the event sample used. The entire region of phase space is divided into M equal intervals (bins), and n ij is the number of particles falling into the jth interval of the ith event. The SFM are particularly sensitive to the spikes of a distribution and not so much to the valleys or dips. For a given q and a particular M, F q moments are calculated for each event, and they are then averaged over the entire event sample to obtain <F q >. In the above definition of <F q >, the so-called ''horizontal'' averaging method has been adopted. The SFM defined in this way are sensitive to the shape of the singleparticle density distribution and further depend on the correlation between different phase space intervals. The problem associated with the shape dependence of the single-particle density distribution can be addressed either by introducing the Fialkowski correction factor [13] , or as it is done in the present case, by replacing the phase space variable (say h) with a cumulative variable X h defined as [14] 
Here, h min (h max ) is the minimum (maximum) value of h, and r(h) is the single-particle density function in terms of h. Irrespective of the basic phase space variable from which it is derived, any density distribution in terms of the cumulative variable X is always uniform between 0 and 1. Our basic pair of variables will henceforth be replaced by X h (X 4 ), and we shall continue to call the respective spaces h-space and 4-space. According to any self-similar branching process, e.g., QCD parton cascading [15] , successive partitioning of the allowed phase space interval leads to a power law, < F q >/ M f q . As mentioned earlier, this property is called ''intermittency'', in analogy with turbulent fluid dynamics. Here, f q ð> 0Þ is a constant for a particular q, which measures the strength of intermittency and is called the intermittency exponent. f q values can be obtained by performing a best fit according to the linear relation
In Fig. 1a we show our experimental results on intermittency analysis in h-space along with the corresponding FRI-TIOF prediction. In Fig. 1b we show the same in 4-space, along with the randomly generated data. Due to kinematic conservation rules, particles tend to move in opposite directions in the plane transverse to the incident beam direction. Values of f q obtained for small partition numbers are contaminated by this effect. Therefore, for each q the first four experimental data points corresponding to the smaller values of lnM have been excluded from the straight-line fit. In both Figs. 1a and 1b, the power-law type scaling behaviour predicted in (2) can be seen. This trend is missing in the corresponding FRITIOF and randomly generated data sets, for both of which the f q values remain more or less uniformly distributed with decreasing bin size. The error bars associated with the data points are statistical in origin. They were estimated assuming that for each event, F q is an error-free quantity, and thus the standard error in <F q > originates only from the event space fluctuation of the quantity. At this point it should be mentioned that in Fig. 1 the data points for a given q are highly correlated, as the SFM are com-puted for the same sample of events, with only differing bin sizes. Thus, the error estimate of f q requires special precaution [8] . For this purpose we have generated 10 sets of FRI-TIOF samples, each of same size, and each of identical multiplicity and h-distribution as the experimental one. Then we calculated the f q for each data set as mentioned earlier and obtained the statistical spread
averaged over all 10 sets of generated data. The error for intermittency exponents in 4-space is calculated in the same manner just by replacing the FRITIOF data with 10 random number generated data sets. As neither the FRITIOF nor the random number data set contains any dynamical fluctuation effect, the errors in intermittency exponents calculated in this way are only of statistical origin and are certainly underestimated. Experimentally obtained intermittency indices are given in Table 1 . The goodness of fit of the linear regression is represented by the Pearson coefficient (R 2 ) [16] .
In almost all cases the R 2 values are close to unity, confirming the linear variation given in (2). In 4-space, the f q values are consistently higher than those in h-space, indicating that the intermittency phenomenon is not independent of the underlying phase space variable. This kind of phase space dependence of intermittency is consistent with our previous observation of 32 S results [7] , but it contradicts the observation of [8] . Further, it is observed that the FRITIOF generated or randomly generated data points are more or less parallel to the lnM axis, indicating an absence of any correlation in the emission of particles in both cases. Due to intermixing of many sources of particle production [17] , the intermittency indices in 16 O-Ag/Br interactions at 200A GeV/c are smaller than those in the leptonic [18] and hadronic collisions [19] at comparable energies, but in comparison with a similar heavy-ion induced experiment induced by 32 S nuclei [7] they are found to be 2-3 times larger in magnitude. At the same incident momentum per nucleon, with increasing mass number of the projectile the strength of intermittency is therefore reduced. To verify whether or not the observed intermittency effect is due to the contribution from lower order correlations, we define the normalized exponents z q for q 2 as [8] 
True three-particle correlation can then be understood by the normalized slopes defined as
In Fig. 2a we show the variation of z q versus q in both hspace and 4-space. In h-space the variation is linear, whereas in 4-space it is nonlinear. The variations of z ð3Þ q with q are shown in Fig. 2b . It is observed that in both cases z ð3Þ q decreases linearly with q, the fall being steeper in hspace. For all orders, the normalized exponents are significantly different from zero beyond statistical uncertainties. Therefore, the higher order intermittency effects in the present experiment cannot simply be interpreted only in terms of lower (two or three particle) order correlation. In this respect the present results with their lower standard er- rors are more encouraging than our previously obtained result on 32 S-Ag/Br interaction [7] . The concept of intermittency is intimately connected with the fractal geometry of the underlying distribution. The observed power-law behaviour of the SFM suggests the presence of such fractal properties. The SFM technique itself allows us to correlate the intermittency exponent f q with the fractal co-dimension d q , where d q = f q /(q -1). Unique order independent d q suggests monofractality, whereas order dependence of d q signals multifractality. In particle production process formation, fractal structure can be a manifestation of one of the two following probable mechanisms. While multifractality is associated with self-similar cascading, the monofractality (constant d q ) is associated with thermal (second-order) phase transition. Universal multifractals exhibiting universal properties are characterized by the ''Levy stable law'', and they are classified by an index known as the ''Levy index'' (m), which helps us in identifying the degree of multifractality [20] . This parameter, with its physically allowed limit (0 m 2), can tell us about the behavior of elementary fluctuations at the tail of the distribution. Under the Levy law approximation, the ratio of the anomalous dimensions follows a relation like [21] ,
For m = 0, d q /d 2 becomes independent of q. This corresponds to monofractality and maximum fluctuation, and as mentioned above might be a signal of a second-order phase transition. The value m < 1 corresponds to the so called ''calm'' singularities and indicates a thermal phase transition of second order, whereas m > 1 corresponds to ''wild'' singularities arising out of non-Poissonian fluctuations in the density distribution, which can be related to a nonthermal type of phase transition during the hadronization process. For m = 2, the Levy approximation reduces to a Gaussian approximation. Under this condition one expects minimum fluctuation in the self-similar branching process. In the present case, from the plot of d q /d 2 versus q (Fig. 3) , we find that in h-space, m = 1.79 and in 4-space m = 1.91. Both values are within their physically allowed limit. The m values are greater than what was obtained in h-space for a 32 S-Ag/ Br experiment (m = 1.1 [7] ), and they are also greater than the value (m = 1.6) obtained by fitting a set of world data [21] . Moreover, the values are certainly greater than what is expected for a second-order phase transition. The presence of wild non-Poisson type fluctuations in the density of particles is therefore confirmation that it may instead be connected to a non-thermal type of phase transition during hadronisation. The spiky structure of the density distribution of particles can be examined also with the help of a set of bunching parameters [22] . In this approach, higher order bunching parameters can be expressed in terms of the lower order parameters, resulting in a linear expression for the anomalous dimensions,
A nonzero value of the slope r implies multifractal behaviour that may once again be considered as a consequence of a possible phase transition. In the present case the slope value was r = 0.79 ± 0.01 in the h-space and r = 0.90 ± 0.01 in the 4-space. One can compare with the value (s = 0.383 ± 0.015) in h-space of 32 S-Ag/Br interaction [7] , 
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which is less than half of our present experimental result. Peschansky observed that self-similar cascading can occur in different phases, leading to different kinds of spiky events. In some events, there are many spikes, such as the JACEE events [4] , while some have only one or two large spikes and nothing else [23] . It is reported that in the normal phase, events are populated by many spikes and holes. On the other hand, in the spin glass phase the events are dominated by few large spikes. If the two different phases are simultaneously present then the function
should exhibit a minimum at a certain value, say q = q c (not necessarily an integer) [24] . In the regions q < q c and q > q c , the self-similar multiparticle systems behave differently. It has been observed that the region q < q c is dominated by numerous fluctuations containing smaller numbers of particles in one bin, and the region q > q c is enriched by a small number of very large fluctuations [25] . According to the terminology of [24] , this situation is described as a mixture of a ''liquid'' of many small fluctuations and a ''dust'', consisting of a few ''grains'' of very high density. The liquid and the dust phases coexist. When the system is probed by a moment of rank q < q c , one sees only the dominating liquid phase. When the system is probed by a moment of rank q > q c , one sees only the dust phase. In Fig. 4 we have plotted l q versus q, and it is shown that in both h-space and 4-space, the lines deviated only to a small extent from the no intermittency line. This represents a weak [26] one dimensional intermittency in 16 O-Ag/Br interactions at 200A GeV. However, it may be noted that this deviation is slightly larger in the h-space than in the 4-space.
On the basis of the Ginzburg-Landau (GL) theory, it has been predicted that a thermal phase transition may be a reason for intermittency [27] . Intermittency is studied in the framework of the Ginzburg-Landau theory for second-order phase transitions. In the model, the anomalous dimension is not constant but follows a relation
where v = 1.304 is a universal parameter, valid for all systems describable by the GL theory, and it is independent of the underlying dimension or the parameters of the model. This is of particular importance for a QCD phase transition, since neither the transition temperature nor the other important parameters are known. If the value of the scaling exponent obtained from the experimental data is less than the critical value v = 1.304, the presence of a second-order parton-hadron phase transition in the interactions is ensured [27] . In the present case (Fig. 5) , we found that v = 1.571 ± 0.021 in h-space and v = 1.624 ± 0.010 in 4-space, respectively. Not only are both values significantly greater than what is warranted by a QCD phase transition in the GL framework, but they are also larger than the value (v = 1.327 ± 0.009) in h-space of our previously reported 32 S-Ag/Br experiment [7] . One may therefore conclude that there is no clear indication for a second-order phase transition during particle emission in 16 O-Ag/Br interaction at 200A GeV/c.
Factorial correlators
Factorial correlators F pq , also introduced by Bialas and Peschanski [3] , are an important addition to the intermittency phenomenon, since they not only can measure local density fluctuations but can also provide extra information about the bin to bin correlation between these fluctuations. Dynamics of particle production beyond that obtained from the single-particle inclusive spectra can be investigated by studying such correlation effects. F pq is calculated for each combination of non-overlapping pair of bins (jj'), separated by a fixed distance D. For the sake of statistics they are then averaged over all such combinations of bins. The correlators are defined as,
and n j ðn j0 Þ is the number of tracks and (or) particles in the j(j')th interval. As p = q, F 0 pq is not symmetric under interchange of p and q. They are therefore symmetrized as
According to a simple intermittency model (a-model) [3] , F pq should depend on the correlation distance D but not on the phase space interval size dX h and should follow a power law such as,
as 1/D approaches a large value. In Fig. 6 , the experimental results as well as the FRITIOF simulated results on <F pq > only in the h-space have been graphically presented for several different combinations of p and q. For each such combination the experimental points show that, as -lnD increases, there is a rapidly growing correlation at the beginning of the curve, a saturation next, and again a moderate linear rise at the end. On the other hand, for a simulated event sample with increasing -lnD there is the initial rise but after that there is only a saturation with hardly any variation in the va- lues of <F pq >. Since the variation of experimentally obtained <F pq > with -lnD is not linear over the entire range of -lnD, the exponents f pq were obtained by fitting straight lines to the data only in the large -lnD region that corresponds to short-range correlations. The values of f pq and R 2 so obtained from the fitting process are given in Table 2 for the experiment and for the FRITIOF. Negligibly small values of f pq for the simulated data show that the model cannot account for the experimentally observed correlations. These exponents measure the strength of correlation, and their values are more or less similar to those obtained in our 32 S induced experiment. According to the a-model and log-normal approximation, the exponents should follow a relation such as
The validity of (11) has been tested in Fig. 7 by plotting f pq with the product pÁq. As predicted by the log-normal approximation, the plot is consistent with a linear growth of the exponent with pÁq. The slope of the straight line is 0.025 ± 0.001, which is not exactly equal to f 11 but is very close to f 2 -the intermittency exponent of second order.
Another prediction of the a-model is that <F pq > should be independent of dX h . This aspect can be verified from 2) values. The horizontal dashed lines denoting constant <F pq > are drawn to guide the eye. Although a few points belonging to higher order correlators deviate from the average trend by a small extent, in general considering the errors, bin-size independence is confirmed. It must be mentioned that such a property does not only hold for the a-model, but it is in general a feature of any model that takes short-range correlation into account [28] . Overall, the study shows the presence of short-range correlation in our heavy-ion data, and the gross features of our experimental observations are consistent with the prediction of the a-model.
Oscillatory moments
The effect of multiparticle correlation, over and above any trivial background effect, can also be studied with the help of normalized factorial cumulant moments, K q [29] . These moments provide a measure of genuine higher order correlation beyond the lower one, and they are defined as
For a Poisson distribution, K 1 = 1 and K q = 0 for q > 1. Thus, nonzero values of K q (for q 2) indicate the presence of two or more particle correlations in the inclusive density distribution of produced particles. Moreover, it has been predicted by a parton shower cascade model based on QCD that K q moments would oscillate irregularly around the zero value with increasing order of q. Both F q and K q have strong energy and order dependence. Therefore, a new set of normalized cumulant moments defined [30] as
has been introduced as their ratio, where such dependences are partially canceled. In the cases of high-energy e + e -, hadron-hadron (hh), and hadron-nucleus (hA) interactions, oscillatory behavior of H q with increasing q has been experimentally confirmed [1, 31] . For e + e -and hh interactions, the observed behavior has been attributed to a multicomponent structure of the particle production process, whereas in the hA case the result has been explained in terms of a leading particle cascade model. In the hh and hA cases, for each participating particle either a negative binomial distribution (NBD), or a modified negative binomial multiplicity distribution (MNBD), or both, have been successfully used. Neither NBD nor MNBD can however describe the cumulants in e + e -data [32] . In the present case of 16 O-Ag/Br interactions, the variation of H q moments with order q has been presented in Fig. 9 for the experimental and FRITIOF data. As with <F pq >, once again we have restricted our analysis on H q only to h-space. Several intervals like (h 0 -h c ) h 0 (h 0 -h c ) with h c = 0.1, 0.25, 0.5, and 1.0, each centered about h 0 , have been chosen to examine the jet structure in the central particle production region.
One can see that only in the narrowest interval, i.e., h c = 0.1, the experimental results are significantly different from the FRITIOF results. The extent of oscillation, particularly in the high q region, is much larger for the experimental than for the FRITIOF data. This is indicative of different characteristics of the jet structure between the experimental and simulated data. Unlike the hh and hA cases, the oscillation, though present in our experimental values, it is not always about H q = 0. At small q, the oscillation starts even before H q drops down to zero. The FRITIOF data, on the other hand, exhibits a smaller oscillation. As the interval size is increased to h c = 0.25, the difference between experiment and simulation becomes marginal. For h c = 0.5 and 1.0, probably due to intermixing from different particle producing sources, the correlation effects are washed out, and the experimental results begin to coincide with the simulated results showing only a little or no oscillation. 
Conclusion
The above set of observations on spatial distribution of shower tracks produced in central and semicentral 16 O-Ag/ Br interactions at 200A GeV/c both in h-space and in 4-space leads us to make following conclusions:
(1) The energy density generated in the central region is slightly less in the 16 O-Ag/Br interaction than that in the 32 S-Ag/Br interaction at the same incident momentum per nucleon. In either case, e is however significantly less than what is required for a QCD phase transition (e % 2 À 3 GeV/fm 3 ) to take place [33] . (2) A weak 1-d intermittency for produced charged hadrons can be seen in the 16 O-Ag/Br interactions that could not be reproduced either by the FRITIOF or by the random number simulated data. This weak intermittency can be attributed to the creation of multiple particle producing sources in AB collision [17] . The observed effect, however, is stronger than what has been observed in the 32 S case. The higher order correlation effects in 16 O interactions cannot be fully explained only in terms of the lower order 2-3 particle correlation. The intermittency is stronger in 4-space than in h-space, which shows a dependence on the choice of the phase space variable. (3) A close scrutiny of the intermittency exponents suggests that the nonstatistical component of the particle density function can be characterized in terms of a set of anomalous dimensions, which in turn indicates that the density distribution possesses a self-similar (multi)fractal structure. This multifractality is reconfirmed in the bunching parameter approach, as well as through the Levy stability index values. The stability index (m > 1) indicates presence of non-Poisson type fluctuations in the particle density. In contrast, parametrization of d q /d 2 against q on the basis of GL theory suggests that there is no clear indication of a second-order phase transition. If there has been a phase transition at all during the hadronization process, it can at best be a nonthermal one. Simultaneous existence of different phases is not observed. (4) Study of factorial correlators reveals the presence of short-range bin to bin correlation, and the experimental observations are consistent with the prediction of the amodel. Once again the observed correlation could not be reproduced by the Monte Carlo FRITIOF code. Results on the oscillatory multiplicity moments (H q ) show that these moments are also sensitive to the correlation among produced particles, and once again within narrow intervals of central region the experimental results could not be replicated by the FRITIOF. The observation, therefore, cannot be simply interpreted in terms of a few particle correlations. Observations of the present investigation, both with respect to <F pq > and H q , are more or less similar to those of 32 S-Ag/Br interaction [7] .
